Aim: To comparatively evaluate the fracture resistance of endodontically treated teeth restored with light-cured composite resin core using two different designs of prefabricated metal posts.
INTRODUCTION
Successful restorations of severely mutilated teeth depend on the endodontic treatment and restorative ability of the remaining tooth structure. Restoring mutilated teeth, maintaining their structural durability, and preventing fracture of the restoration to meet the esthetic and functional requirements is a challenge for the clinician. Restoration of endodontically treated teeth can be achieved by fabricating customized cast post and core or by using prefabricated post with varying core buildup materials. Custom-made post fits exactly into the radicular portion of pulp chamber and root canal of teeth. 1 They could be fabricated in metal or zirconia. The metallic custom-made post and core require an increased chair-side time and cumbersome laboratory procedures. 2 The zirconia post needs a computer-aided design and computer-aided manufacturing technology for its fabrication, which also requires laboratory support. 3 Both the metallic and zirconia post and core may be advocated in limited situations. Post-and-core placement using metal prefabricated posts and composite resin is an everyday procedure in most general practices. Such posts are easy to place, strong, relatively inexpensive, and predictable. The prefabricated posts are available in a variety of materials, designs, and sizes to cater to the needs of the situation. The procedure of post placement and composite core buildup can be completed in a single visit reducing the time of fabrication; they have, therefore, gained popularity. 1 The various designs of metallic prefabricated posts have been made available over the years. However, their fit into the canal may not be as good as the customized post, which may affect the stability of the post. A finite element study was carried out to evaluate the stress distribution on maxillary central incisors using three different designs of prefabricated metal posts, which concluded that the adaptation of parallel post with coronal flare was better and stress values in the dentin were the least as compared with model with tapered and parallel post. 4 Though the finite element study showed better results for parallel post with coronal flare, further in vitro and in vivo studies need to be carried out to evaluate the effectiveness of posts for restoration of endodontically treated teeth. Therefore, this study was carried out to assess the fracture resistance of endodontically treated teeth using two different designs of prefabricated metal posts restored with composite resin cores. This study would be helpful for the clinician to select the appropriate designs of prefabricated post to achieve predictable success while restoring mutilated endodontically treated teeth with crown or bridges.
MATERIALS AND METHODS
A total of 30 freshly extracted single-rooted anterior human teeth of similar dimension and root form were selected taking into consideration all inclusion and exclusion criteria (Fig. 1 ). All the selected teeth were kept in 0.2% thymol for 7 days for disinfection. 5 Selected teeth were scaled to remove calculus and hard debris with ultrasonic scaler. All the teeth were endodontically treated. The access of canal was sealed with noneugenol temporary restorative material. Radiovisiography (RVG) was taken for verification of proper obturation. All the teeth were stored in normal saline until the post and core were initiated. All the 30 samples were sectioned horizontally 2 mm coronal to cementoenamel junction with diamond disk to achieve desired ferrule effect (Figs 2 and 3). 6 Post space preparations of all 30 teeth were done for receiving the post (Fig. 4) . The post space was prepared according to the size of the post to be selected. Peso reamer no. 1 and 2 were used for post space preparation. The post space preparations were carried out to include coronal two-thirds of root length maintaining 3 to 4 mm of apical seal after the post space preparation. All 30 endodontically treated teeth were randomly divided into two groups after the post space preparation in groups I and II-15 teeth in each group. Selection of post was based on the size of last peso reamer, which was introduced into the canal. 
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Before cementation, fit of the post was determined. Canal was irrigated with normal saline and dried with absorbent paper point. The wall of the canal was coated with a layer of cement using lentulospiral. Cementation of post was done with zinc phosphate cement for both the groups (Fig. 5 ). An extracted human tooth of similar dimension was selected and mounted on acrylic resin block. The tooth was prepared with diamond point to simulate desired composite core. The palatal surface was made concave in the area of lingual fossa above the cingulum to prevent the slippage of load applicator tip. 7 Vacuum form sheet of 2 mm thickness was selected and core former was made using the Easy Vac vacuum form machine. Excess of material was trimmed with burlew disk and final finishing of core former was done with alpine stone. The core former was used to form the core buildup of all 30 teeth and core buildup was done with light-cured composite resin.
For the mounting of teeth on acrylic resin block, petroleum jelly was applied on the custom-made aluminum metal blocks so that resin block could be easily separated from aluminum metal block. Acrylic resin was mixed with desired powder liquid ratio and mix was placed in the aluminum metal block. Tooth was placed at the center of block such that the long axis of tooth was perpendicular to the floor. A surveyor was used to make sure for correct positioning of tooth. Acrylic resin was allowed to set. After final setting of acrylic resin, acrylic blocks along with tooth were removed from aluminum block and were ready for load application (Figs 6 and 7) .
RESULTS
The study was carried out to assess the fracture resistance of endodontically treated teeth restored with composite resin core using two different designs of prefabricated metal posts. The 30 samples were loaded on the universal testing machine at an angle of 130° to the long axis of the tooth. 8 Load was applied until there was an audible or visible sign of fracture (Fig. 8) . The load at that instance was recorded as the failure load. This was recorded for all the samples and is listed in Table 1 . The mean values (SD) for fracture resistance were 295.55 and 469.59 N for parallel post-EG post and parallel post with coronal flare-i post respectively (Graph 1). Since the p-value for the t-test is less than 0.05, it indicates that we should reject null hypothesis and conclude that the mean fracture load of parallel post with coronal flare-i post is significantly more than that of mean fracture load of parallel post-EG post.
DISCUSSION
Posts are used not only for retention of core, but should also allow uniform stress distribution to prevent root fracture. The literature lacks reliable long-term clinical studies that provide accurate conclusions regarding post designs to be used and their fit in canal. This study compared the fracture resistance of endodontically treated teeth restored with two different designs of prefabricated metal posts. Thirty extracted single-rooted natural teeth were used in the study to simulate the clinical condition. Multirooted teeth were excluded from the study, which could have varied the results because maintaining standardization would be difficult. Root canal treatment was carried out in all teeth. Following root canal treatment, teeth were sectioned 2 mm coronal to the cementoenamel junction at a level corresponding to the clinical gingival margin. This was done to achieve the desired ferrule effect and was followed in many studies. 6 Post space preparation was done by a peso reamer. The same size of peso reamer was used for both the groups and corresponding post size was selected. The selection of the incorrect luting agent can significantly affect the longevity of post-and-core restorations. Glass ionomer, composite resin, zinc phosphate, and polycarboxylate cement are commonly used to cement endodontic posts.
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For decades, zinc phosphate cement has been the gold standard for cementing cast post and cores, although resin luting agents have recently been studied as alternatives. 11 Many researchers use glass ionomer cement for cementing post. But, glass ionomer cement has several limitations and has been criticized by several authors, 12, 13 whereas resin cement is more expensive and its bonding to the metallic post is questionable unless a primer is used for bonding. 14 The commonly used zinc phosphate cement was used as the material of choice for luting as it has good compressive strength. Light-cured composite was the material of choice for core buildup because of its good bond strength to the tooth, controlled and quick setting, good esthetics, and adequate compressive strength. 15 Moreover, composite core materials have a higher fracture resistance than glass ionomer materials. 15 The RVG showed that the fit of i post was found to be better than that of the EG post (Figs 9 and 10) . As the i post had a coronal flare, it fitted well into the coronal flare of the canal, reducing the cement layer between the tooth and canal, thus making it more stable. Whereas in case of EG post, which was a parallel post, it did not fit well in the coronal flare of the canal, and a space was left between the post and canal. Therefore, more space was occupied by the luting agent, reducing overall strength of the tooth. The load was applied on the palatal aspect at an angle of 135° to the long axis of the tooth. This was because the lower anterior contacted the palatal surface of the upper anterior at angle of 135° to the long axis of maxillary anterior. Crowns were not fabricated in this study as followed by many studies. 16, 17 Post and core itself showed good fracture resistance; the placement of crowns would further enhance the fracture resistance of the tooth. From the data, it was observed that the mean fracture resistance of EG post was 295.54 N and that of i post was 469.59 N. Thus, the fracture resistance of endodontically treated teeth restored with composite resin using i post was greater than restored with composite resin using EG post. Fracture took place within the core material or between core and post. Root fracture did not occur. This may have been due to the fact that post and core is not a one-piece structure; thus, the entire load was not transmitted to the root. The fracture of teeth was a reversible type of fracture and restorable. In most of samples of EG post group, core got separated from post as not much retention was achieved from the post head. This may have been because of the short head of the EG post. Whereas i post had a long head with serrations, which resulted in a good mechanically bonding for composite core buildup material. The EG post had a thicker luting layer due to parallel shape in the occlusal one-third of the post (Fig. 11 ). The i post had less thickness of luting agent due to the presence of flare in occlusal third of post (Fig. 12 ). This could have been the reason for higher fracture resistance in endodontically treated teeth restored with i post and light-cured composite core. It was observed from the present study and latest literature that great importance and emphasis are given to the strength of post, core, and the restoration placed over them. But going through the literature, the load at which fracture of teeth, post, or core takes place is much higher than that actually occurring during mastication. Therefore, the selection of the post and core should be done based on the tooth structure loss and the occlusion it will be subjected to.
CONCLUSION
The study conducted evaluated the fracture resistance of endodontically treated teeth restored with composite resin by using two different designs of prefabricated 
CLINICAL SIGNIFICANCE
In most of the cases, caries and endodontic treatment lead to loss of tooth structure. Post and core restorations become mandatory in such situations. The prefabricated metal posts are more popular due to easy availability in various shapes and sizes to fit the root canal of endodontically treated teeth. This study on fracture resistance of endodontically treated teeth with two different designs of posts restored with light-cured composite resin cores will help the clinician to select the appropriate prefabricated metal post and, thus, increase the longevity of the restoration. It will also help the clinician in selecting a post that will fit exactly into the coronal flare of the canal, which will improve the clinical performance.
